Summary. The haemagglutinins and fimbriae produced by 18 strains of Proteus penneri were studied and compared with those formed by representative strains of other species of Proteeae. After repeated subcultures at 30°C, 12 P . penneri strains formed only MR/K haemagglutinins which were associated with thin, non-channelled, type-3 fimbriae. Two strains formed simultaneously both MS and MR/K haemagglutinins associated with thick, channelled, type-1 fimbriae and type-3 fimbriae, respectively. Four strains formed simultaneously both MR/K and MR/P haemagglutinins. No P . penneri strain formed either MS or MR/P haemagglutinins alone under these conditions. The type-3 fimbriae from P . penneri strain El80 were isolated, purified and found to be protein of 19 Kda. Immunoelectronmicroscopy studies with antibody to the type-3 fimbriae of strain El80 showed that P . penneri strains formed at least two antigenic types of type-3 fimbriae. The type-3 fimbrial antigen of the vaccine strain E 180 was shared by another eight strains of P . penneri. A further eight P . penneri strains and the strains representative of other genera within Proteeae had type-3 fimbriae of a different antigenic type. The formation of these haemagglutinins and fimbriae suggests that this organism is well endowed to be a urinary-tract pat hogen.
Introduction
Proteus penneri is the name given to a group of bacteria formerly known as "indole-negative Proteus vulgaris" or bbP. vulgaris biogroup 1" (Hickman et al., 1982) . It has been isolated from the faeces of both the healthy and the sick (Miiller, 1986) . Although less commonly found in clinical situations than P . mirabilis and P . vulgaris, it has been reported to be associated with a number of nosocomiallyacquired wound infections (Krajden et al., 1987) and implicated as a urinary-tract pathogen (Krajden et al., 1984) . Potential virulence factors known to be produced by P. penneri strains include urease (Mobley et al., 1987) , haemolysin (Rozalski and Kotelko, 1987; Senior and Hughes, 1988) and IgA protease (Senior et al., 1988) .
Three different fimbriae-associated haemagglutinins (HAS) or adhesins have been described in Proteeae (Duguid and Old, 1980) : (i) a mannosesensitive haemagglutinin (MSHA) which is associated with thick (8-9 nm external diameter), channelled, type-1 fimbriae and which agglutinates guinea-pig erythrocytes in the absence of mannose but not in its presence; (ii) the mannose-resistant proteus-like haemagglutinins (MR/PHAs) which are associated with fimbriae of various morphologies and which agglutinate erythrocytes from a number of different animal species in the presence of mannose ; (iii) a mannose-resistant, klebsiellalike haemagglutinin (MR/KHA) which is associated with thin (4-5 nm external diameter), nonchannelled, type-3 fimbriae and which agglutinates tannic acid-treated ox erythrocytes in the presence of mannose (Duguid and Old, 1980; Old and Scott, 1981 ; Old and Adegbola, 1982) . This paper describes the properties of the haemagglutinins and fimbriae associated with P . penneri strains in relation to those of other members of Proteeae.
Materials and methods

Bacterial strains
Details of the strains used are given in table I. They were speciated by their biochemical reactions in media, and according to the scheme, previously described by Senior and Leslie (1 986) and Senior et al.
(1 988). 
Culture media
Nutrient Broth (Oxoid CM 67) and Nutrient Agar (Oxoid CM 3) were prepared according to the manufacturer's instructions and sterilised by autoclaving at 121 "C for 15 min. These media were also used buffered with phosphate to pH 7.0 by the addition of KH2P04 0.36% w/v and Na2HP0, 0.64% w/v.
Cultural conditions for the expression of type-3 jimbriae
The media and methods used were essentially those of Old and Adegbola (1982) . Strains were cultured throughout at 30°C and repeatedly subcultured either after 48-h periods of static incubation in nutrient broth or phosphate-buffered broth, pH 7.0, or after 24-h periods on nutrient agar or phosphate-buffered agar, pH 7.0, until haemagglutination tests showed the cultures to be expressing strong type-3 fimbrial haemagglutinating activity.
Haemagglutination tests and the characterisation of haemagglu t in ins
These were performed as previously described (Duguid and Old, 1980; Old, 1982, 1983; Old and Adegbola, 1982) .
Electronmicroscopy
At intervals, and before the haemagglutinating activity of cultures was determined, culture samples were taken in duplicate and negatively stained, one with phosphotungstic acid (pH 6.8) 0.3% w/v and the other with ammonium molybdate (pH 7.0) 2% w/v as described previously (Adegbola and Old, 1982) . The grids were examined with a Jeol lOOCX electronmicroscope and photographs were taken of the different kinds of fimbriae seen.
In some experiments, culture samples were treated for 30 min at 37°C with antibody to P.penneri type-3 fimbriae (diluted 1 in 10 in distilled water) and washed in water before being stained and examined. Coating of fimbriae with antibody was determined by electronmicroscopy and graded according to the scheme of Adegbola and Old (1 982).
Isolation and purijication ofJimbriae
The fimbriae of P . penneri strain El80 were detached by heat at 60°C for 20 min (0rskov et al., 1980) from cells which had been cultured for 24 h in phosphate-buffered broth at 30°C and which contained richly fimbriate bacteria. After centrifugation at 30009 for 20 min to deposit bacteria, the supernate containing detached fimbriae was removed and applied to a Mono Q (Pharmacia) anion exchange column. Proteins were eluted from the column with a linear gradient of 0-1 M NaCl in 5 0 m~ Tris-HC1 buffer, pH 8.0. Fractions containing fimbriae were identified by electronmicros-COPY.
Polyacrylamide gel electrophoresis (PAGE)
Column fractions and standard proteins of known mol. wt as markers were analysed by discontinuous sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) after the method of Laemmli (1970) on acrylamide 12% w/v gels as previously described (Old et al., 1985) .
Preparation ofjimbrial antiserum
Antiserum against type-3 fimbriate (MR/KHA +) P . penneri strain El80 was raised in rabbits by the method of Adegbola and Old (1982) . Antibodies to the 0 antigen were removed by repeated absorption of the serum at 37°C for 1 h with a dense, twice-washed suspension of the vaccine strain grown on nutrient agar at 37°C for 24 h and boiled at 100°C for 1 h to destroy flagellar and fimbrial antigens. When the boiled suspension was not agglutinated by a 1 in 10 dilution of the serum, the resultant absorbed serum was rendered specific for type-3 fimbriae by removal of antibody to the H antigen of the vaccine strain by repeated absorption of the serum at 37°C for 1 h with a dense, twice-washed, suspension of bacteria made richly flagellate and poorly fimbriate by culture at 37°C on wet, soft, infusion agar containing strain of Prov. alcalqaciens, Prou. rettgeri and glucose 0.2% w/v (Sakazaki, 198% until a 1 in 20 dilution Adorganella morganii. P . penneri strains E l 152 and agglutination of the flagellate bacterial suspension.
MSHA and MR/KHAs. The remaining four P . penneri strains (E1033, E46, H727 and E844) Results together with each representative strain of P . mirabilis and P . vulgaris produced both MR/KHA Haemagglutinin production and MR/PHAs.
Each of the 32 strains of species in Proteeae examined after growth in phosphate-buffered broth for 48 h at 30°C produced haemagglutinins (table  11) . Under these conditions, MSHA alone was produced by only the two Providencia rustigianii strains. MR/KHA alone was produced by 12 of the 18 strains of P . penneri and each representative of the absorbed serum in saline failed to give floccular E248 and both Prov, stuartij strains produced
Fimbriae
There was good correlation between the type of haemagglutinin produced and the type of fimbriae found on bacteria in haemagglutinating cultures. Thus, each of the 12 strains of P . penneri that produced MR/KHA only, formed thin, non-chan- nelled type-3 fimbriae of 4-5 nm external diameter ( fig. 1 ). The four strains that produced both MSHA and MR/KHAs formed both type-1 and type-3 fimbriae; those strains that produced both MR/ KHA and MR/PHAs formed type-3 fimbriae. The Prov. rustigianii strains that produced MSHA alone formed thick, channelled type-1 fimbriae of 8-9 nm external diameter ( fig. 2 ) which were present in numbers consistent with the MS haemagglutinating strength of their cultures. A peak of UV-absorbing material which eluted from the Mono Q column loaded with the detached fimbriae from P . penneri strain E 180 at 0.6 M NaCl contained pure type-3 fimbriae. Analysis of this material on SDS-PAGE gels showed the presence of a single band of protein of 19 Kda.
Immunoelectronmicroscopy
The 30 of the 32 strains that formed MR/KHA either alone or in combination with MSHA or MR/ PHA and were rich in type-3 fimbriae were examined by electronmicroscopy after treatment with type-3 fimbrial antiserum against P . penneri strain E 180. The degree of coating of the thin type-3 fimbriae of these strains with antibody is given in table 11. The type-3 fimbriae of the vaccine strain P . penneri E 180 were strongly coated with homologous type-3 fimbrial antibody as also were those of eight other P. penneri strains (see fig. 3 ), whereas those of P . penneri strain E587 were only weakly coated. However, the type-3 fimbriae of the remaining eight strains of P . penneri and of the 12 strains of the other species of the genera within Proteeae were not coated with this type-3 fimbrial antibody (see fig. 4 ). Thus P . penneri strains form type-3 fimbriae of two or more antigenic types some of which are antigenically distinct from the type-3 fimbriae of the other strains of the species within Proteeae.
Discussion
The results of this study support previous findings that bacteria belonging to Proteeae may form one or more of the haemagglutinins MS, MR/K and MR/P that are associated with different types of fimbriae (Duguid and Old, 1980; Old and Scott, 1981 ; Old and Adegbola, 1982) . Most (66%) of the P. penneri strains in this study under the conditions were not detected. This is different from the findings with P . mirabilis and P . vulgaris strains in that these latter organisms nearly always form MR/KHA and MR/PHA simultaneously, MR/KHA formation alone being a rare event in these species (Old and Adegbola, 1982) . In other respects, such as the rare ability to form MSHA alone, P . penneri strains were similar to P . mirabilis and P . vulgaris strains.
Mobley et al. (1988) have shown that in Prov. stuartii, the ability to form MR/KHA is associated with the adhesion of strains to catheters and is the reason for the persistence of such strains in the long-term catheterised patient. The formation of MSHA, on the other hand, was associated with strains unable to persist. This was attributed to the binding of MSHA to Tamm-Horsfall protein, the most widely excreted urinary protein. It could be that in forming MR/KHA in the absence of MSHA, P. penneri strains, like other strains of Proteus, have similar potential for persistence in the urinary tract.
The present detection of type-3 fimbriae in P. penneri now means that this type of fimbriae has been found in strains of most species of genera within Klebsielleae and Proteeae (Duguid and Old, 1980; Old and Adegbola, 1982) . The type-3 fimbriae of Klebsielleae, however, are antigenically distinct from those of several of the species of Proteeae (Old and Adegbola, 1985) . Although the purified type-3 fimbriae of P . penneri El80 were of size 19 Kda which is of a similar order to the 19.5-21-5-Kda size of the type-3 fimbriae of strains of Klebsiellu spp. (Old et al., 1985) and were antigenically unrelated to those of the strains of the other species within Proteeae tested here, we do not believe that they are antigenically similar to those of Klebsielleae. On the contrary, the finding that the type-3 fimbriae of P. penneri strain E 180 were antigenically distinct from those of other species of Proteeae, and that there were at least two antigenic types of type-3 fimbriae within the 18 strains of P . penneri examined, supports the findings of Old and Adegbola (1985) that there are many antigenic types of type-3 fimbriae within Proteeae.
The finding of more than one antigenic form of type-3 fimbriae in a species is unusual and has not been previously reported in similar studies with fewer strains of other species within Proteeae (Old and Adegbola, 1985) . Apart from this study involving many more strains, we have as yet no other explanation as to why P. penneri should appear to be different in this respect. All the strains were indistinguishable by extended biochemical tests and although several bacteriocin types (Senior, 1979) were present among the strains examined, no association was found between bacteriocin type and antigenic form of type-3 fimbriae. Thus, among the strains of the same bacteriocin type some had type-3 fimbriae which were coated with antibody and others had type-3 fimbriae which were not coated with antibody. In view of the importance of these organisms in urinary-tract infection, we believe the role and properties of these fimbriae are worthy of further study. 
